Introduction
The response of neutrophils to a stimulus is not static but shows transitions through several states, referred to as resting, primed, and activated. Typically, these states are defined by the level of reactive oxygen species (ROS) generation by the respiratory burst. Circulating blood neutrophils are normally in the resting state, characterized by little or no basal respiratory burst activity and a very low capacity to respond to activation signals. Primed neutrophils also show low basal respiratory burst activity, but they undergo a rapid and robust respiratory burst in response to activation signals, such as receptor-mediated phagocytosis or interaction of formylated peptides or the complement component C5a with specific cell surface receptors. The respiratory burst can be primed by neutrophil adhesion, pro-inflammatory cytokines, bacterial and viral products, and pro-inflammatory lipids [1, 2] .
The respiratory burst is generated by the NADPH oxidase, a multi-component enzyme with membrane and cytosolic components [3, 4] . In neutrophils, the membrane components are gp91 phox and p22 phox , which form the heterodimeric cytochrome b 558 . The cytosolic components are p47 phox , p67 phox , p40 phox , and a GTPase, Rac2. Activation of the oxidase requires the cytosolic components to translocate to a membrane and interact with cytochrome b 558 . In resting neutrophils, the majority of cytochrome b 558 is located in the membranes of specific granules, ge-latinase granules, and secretory vesicles [5] [6] [7] . When neutrophils undergo exocytosis, fusion of granules with the plasma membrane increases the expression of cytochrome b 558 , potentially providing additional docking sites for cytosolic NADPH oxidase components that translocate to the plasma membrane upon activation [8] [9] [10] . We recently reported that selective inhibition of exocytosis blocked neutrophil priming by TNF and PAF [10] . Those results support the hypothesis that cytochrome b 558 redistribution during exocytosis is a mechanism by which NADPH oxidase activation is enhanced during priming.
Substantial evidence indicates that phosphorylation of cytosolic components of the NADPH oxidase also participates in priming. Two priming agents, GM-CSF and TNF, were shown to induce phosphorylation of p47 phox on Ser 345 , and that phosphorylation was necessary for neutrophil priming [11] . Boussetta et al. [12] recently reported that TNF-induced p38 MAPK phosphorylation of p47 phox on Ser 345 generated a binding domain for the prolyl isomerase Pin1, and TNF also stimulated activation of Pin1. Binding of activated Pin1 to p47 phox induced a conformational change that exposed sites for PKC phosphorylation. The authors proposed that the enhanced phosphorylation by PKC induced enhanced translocation of p47 phox to the plasma membrane, leading to increased ROS generation.
As inhibition of exocytosis and inhibition of Pin1 activity each blocked neutrophil priming [10, 12] , the relative contributions of exocytosis and enhanced translocation of cytosolic components to priming are unclear. In the present study, we compared the ability of two TAT fusion proteins containing the SNARE domain of SNAP-23 (TAT-SNAP-23) or syntaxin 4 (TAT-syntaxin-4) to inhibit exocytosis of each neutrophil granule subset and to inhibit priming. Additionally, the effect of Pin1 inhibition on priming and granule exocytosis was compared. Our results suggest that both exocytosis of secretory vesicles and gelatinase granules and Pin1 activity are necessary for neutrophil priming. We suggest that these represent parallel pathways that must both be initiated for priming to occur.
Materials and Methods

Materials
Recombinant human TNF was from R&D Systems (Minneapolis, Minn., USA). Latrunculin A, fMLF, and protease and phosphatase inhibitors were from Sigma-Aldrich (St. Louis, Mo., USA). SB203580, MAPKAPK-2 inhibitor III, and the Pin1 inhibitor, juglone, were from Calbiochem (San Diego, Calif., USA). Rabbit anti-p47 phox was a generous gift from Dr. William M. Nauseef (University of Iowa, Iowa City, Iowa, USA).
Neutrophil Isolation
Neutrophils were isolated from the blood of healthy donors using plasma-Percoll gradients as previously described [13, 14] . Microscopic evaluation of isolated cells showed that >92% of cells were neutrophils. Trypan blue exclusion indicated that >95% of cells were viable. The Institutional Review Board of the University of Louisville approved the use of human donors who provided informed consent.
TAT Fusion Proteins
TAT-SNAP-23 and TAT-control were prepared as described previously [10] . To generate TAT-syntaxin-4, a forward primer (5 ′ -GATCCATGGTGACTCGACAGGCCTTAAA-3 ′ ) containing a Nco 1 restriction site and a reverse primer (5 ′ -ATGGAATTCT-CAGGCCGTCTTGACGTGCTCCT-3 ′ ) containing an Eco R1 restriction site were designed to generate the cDNA sequence for the SNARE domain of syntaxin-4 (amino acid 195-262) from cDNA generated from human neutrophil RNA. Following verification of the PCR product by DNA sequencing, the PCR product and the pTAT-vector were digested with Nco I and Eco R1, ligated, and used for the transformation of Escherichia coli DH5a competent cells (Invitrogen, Carlsbad, Calif., USA). Colonies were selected and the DNA was extracted using a DNA Maxi Prep from Marlingen Biosciences (Rockville, Md., USA).
E. coli BL21-AI cells (Invitrogen) were transformed to overexpress the recombinant TAT fusion proteins. Purification of TATsyntaxin-4 or TAT-SNAP-23 was performed by sonication and lysis of the bacterial pellet with a denaturing buffer (7 M urea, 0.5 M NaCl, 50 m M NaPO 4 , pH 8, 20 m M imidazole), followed by protein separation from the supernatant by Ni-NTA beads (Invitrogen). Protein eluted from the beads was dialyzed against 10% glycerol, 0.01% Triton X-100 in PBS, pH 7.4, and stored at -80 ° C until use.
Exocytosis
Exocytosis of secretory vesicles, and specific and azurophilic granules was determined by measuring the increase in plasma membrane binding of FITC-conjugated monoclonal anti-CD35 (clone E11; Pharmingen, San Diego, Calif., USA), FITC-conjugated monoclonal anti-CD66b (clone CLB-B13.9; Accurate Chemical, Westbury, N.Y., USA), and FITC-conjugated anti-CD63 (clone AHN16.1/46-4-5; Ancell Corporation, Bayport, Minn., USA), respectively, on 4 × 10 6 /ml neutrophils using a FACSCalibur flow cytometer (Becton Dickinson, Franklin Lakes, N.J., USA) as previously described [9, 15] . Exocytosis of gelatinase granules was determined by ELISA for matrix metalloproteinase-9 (R&D Systems) as previously described [15] .
Phagocytosis and Respiratory Burst Activity
To measure H 2 O 2 production, neutrophils (4 × 10 6 cells/ml) were incubated with 2 ′ ,7 ′ -dichlorofluorescin diacetate (final concentration 0.5 m M ; Molecular Probes/Invitrogen, Carlsbad, Calif., USA) for 10 min at 37 ° C. Fifty microliters of cell suspension were sampled before and 10 min after the addition of 50 μl of opsonized, propidium iodide-labeled Staphylococcus aureus (final concentration ∼ 10 8 bacteria/ml). Samples were analyzed for uptake of labeled bacteria and oxidation of 2 ′ ,7 ′ -dichlorofluorescein diacetate to fluorescent 2 ′ ,7 ′ -dichlorofluorescein by flow cytometry as previ-ously described [9] . Extracellular superoxide release was determined as superoxide dismutase-inhibitable ferricytochrome c reduction measured spectrophotometrically, as previously described [16] . Briefly, neutrophils (4 × 10 6 /ml) were suspended in KrebsRinger phosphate buffer containing calcium and magnesium and 80 μ M ferricytochrome c. After stimulation of O 2 -production, the reaction was stopped by placing the tubes on ice and pelleting the cells by centrifugation at 4 ° C. Superoxide production was quantified using the change in absorbance of the supernatant at 550 nm and expressed as nanomoles of O 2 -per 4 × 10 6 cells using an extinction coefficient of 2.1 × 10 4 / M /cm. p47 phox Translocation Neutrophils (2 × 10 7 cells/ml) were suspended in Krebs-Ringer phosphate buffer containing calcium and magnesium and exposed to different stimuli at 37 ° C. Isolation of the cell membrane fraction was then performed as previously described [17] with some minor modifications. Cells were pelleted at 4,000 rpm for 1 min at 4 ° C, and rapidly lysed by resuspending the pellet in ice-cold extraction buffer [20 m M Tris-HCl, pH 7.8, 10 m M HEPES, 25 m M NaCl, 2 m M EDTA, 10 m M EGTA, and 1% (w/w) protease inhibitor cocktail] followed by sonication using three 5-second cycles at 4 ° C. Cell debris and nuclei were removed by centrifugation at 700 g for 10 min at 4 ° C. The supernatant was transferred to ultracentrifugation tubes and centrifuged at 100,000 g for 30 min at 4 ° C. The pellet was resuspended in ice-cold extraction buffer and centrifuged at 100,000 g for another 30 min at 4 ° C. After centrifugation, the pellet containing the membrane fraction was resuspended in ice-cold buffer (PBS, 0.5% Triton X-100, 1 m M PMSF), thoroughly mixed, and incubated for 20 min at 4 ° C. Membrane fractions were stored at -80 o C until used. For detection of membrane translocation of p47 phox , membrane proteins were separated by 10% SDS-PAGE, transferred to nitrocellulose, and immunblotted with anti-p47 phox . Protein bands were detected by chemiluminescence and quantified by densitometry of immunoblots with an Epson 9940 scanner using ImageJ 1.44p processing software [18] .
Statistical Analysis
The ability of the fusion proteins to inhibit, or latrunculin A to enhance, exocytosis and respiratory burst activity was examined by fitting a sigmoidal equation to the experimental data (SigmaPlot for Windows, version 11; Systat Software, San Jose, Calif., USA). The IC 50 or EC 50 was determined as the concentration of fusion protein or latrunculin A that produced 50% of the maximal effect of the fusion protein or latrunculin A on exocytosis or respiratory burst activity. The relationship between inhibition of exocytosis and inhibition of respiratory burst priming was examined by linear regression (SPSS 12 for Windows; SPSS, Chicago, Ill., USA). The regression line was compared to the line of identity by determining if the 95% confidence intervals for the slope and intercept of the regression line included 1 and 0, respectively. Differences in p47 phox translocation, exocytosis, and respiratory burst activity in the presence or absence of fusion proteins, Pin1 inhibitor, or MAPK inhibitors were examined by analysis of variance (SPSS 12 for Windows). Where significant differences were identified, differences between individual groups were determined with the Student-Newman-Keuls post hoc test or a Bonferroni correction, as appropriate. When required, a log transformation was performed to normalize the data. Statistical significance was defined as p < 0.05. All data are expressed as means ± SEM.
Results
The ability of TAT-SNAP-23, TAT-syntaxin-4, and TAT-control to inhibit basal, stimulated, and primed respiratory burst activity was examined by measuring fMLF-stimulated superoxide release and phagocytosisstimulated H 2 O 2 . For superoxide release, neutrophils were pretreated for 10 min with 42 n M TAT-SNAP-23, 53 n M TAT-syntaxin-4, or 53 n M TAT-control before being left unprimed or primed with 2 ng/ml TNF for 10 min. Cells were then stimulated for 5 min with 300 n M fMLF, the lowest concentration to stimulate maximal superoxide release [15] . Figure 1 a shows that fMLF stimulates a modest increase in superoxide release above the very low basal release, and priming with TNF increases the response to fMLF 3-to 4-fold. Neither basal nor fMLFstimulated superoxide release was altered by pretreatment with any of the TAT fusion proteins. On the other hand, pretreatment with TAT-SNAP-23 or TAT-syntaxin-4, but not TAT-control, markedly reduced the ability of TNF to prime superoxide release. Pretreatment with those TAT fusion proteins had no effect on H 2 O 2 production ( fig. 1 b) or phagocytosis ( fig. 1 c) in unprimed cells. Priming with TNF resulted in a small increase in phagocytosis that was not affected by pretreatment with any of the TAT fusion proteins ( fig. 1 c) . Priming with TNF resulted in a 2-fold increase in H 2 O 2 production that was markedly reduced by pretreatment with TAT-SNAP-23 and TAT-syntaxin-4 ( fig. 1 b) . Although TNF was able to prime neutrophils pretreated with TAT-control, priming in the presence of TAT-control was significantly less than priming observed in control cells. In separate experiments, addition of 47 n M TAT-SNAP-23, 60 n M TATsyntaxin-4, and 60 n M TAT-control, alone, after ferricytochrome c showed that none of the fusion proteins stimulated superoxide production (data not shown).
To compare the ability of TAT-SNAP-23 and TATsyntaxin-4 to inhibit neutrophil exocytosis, we determined the ability of increasing concentrations of the two fusion proteins to inhibit fMLF-stimulated exocytosis of each of the four granule subsets. /ml) were incubated with or without 42 n M TAT-SNAP-23, 53 n M TAT-syntaxin-4, or 53 n M TATcontrol (Ctrl) for 10 min prior incubation with or without TNF (2 ng/ml) for 10 min, followed by stimulation of superoxide release with 300 n M fMLF for 5 min. Results of superoxide release in nanomoles of reduced ferricytochrome c/4 × 10 6 cells/5 min are presented as mean ± SEM for 5-11 experiments. b Neutrophils (4 × 10 6 cells/ml) were incubated with 0.5 m M 2 ′ ,7 ′ -dichlorofluorescein diacetate for 10 min at 37 ° C prior to a 10-min incubation with or without 42 n M TAT-SNAP-23 or 53 n M TAT-syntaxin-4, 2nd then incubated with or without TNF (2 ng/ml) for 10 min. Fifty microliters of cell suspension were sampled before and 10 min after the addition of opsonized, propidium iodide-labeled S. aureus . Uptake of labeled bacteria and oxidation of 2 ′ ,7 ′ -dichlorofluorescein diacetate to fluorescent 2 ′ ,7 ′ -dichlorofluorescein were measured by flow cytometry. H 2 O 2 production ( b ) and phagocytosis ( c ) are expressed as mean ± SEM in mean channel fluorescence units (mcf) for 4-13 separate experiments. To determine the ability of each TAT fusion protein to inhibit TNF-induced priming of respiratory burst activity, neutrophils were incubated with various concentrations of TAT-SNAP-23 or TAT-syntaxin-4 prior to a 10-min exposure to 2 ng/ml TNF; respiratory burst activity was then measured as fMLF-stimulated superoxide release or phagocytosis-stimulated H 2 O 2 production. lease and H 2 O 2 production for TAT-SNAP-23 and TATsyntaxin-4, respectively. Table 1 presents the maximum percent inhibition of respiratory burst activity and IC 50 for both fusion proteins. Priming was inhibited by 72-88%, with an IC 50 of approximately 30 n M in all four conditions. The ability of both TAT fusion proteins to inhibit exocytosis and priming suggested a causative relationship. If such a causative relationship exists, we reasoned that enhanced exocytosis would recapitulate priming of respiratory burst activity. Based on our previous report that disruption of the neutrophil actin cytoskeleton by latrunculin A enhanced the rate and extent of fMLF-stimulated exocytosis [15] , we compared the effect of various concentrations of latrunculin A on fMLF-stimulated superoxide release. Figure 5 a shows a significant, 4-fold increase in fMLF-stimulated superoxide release following pretreatment with optimal concentrations of latrunculin A (EC 50 of 0.095 μ M ). To confirm that the enhanced superoxide release produced by pretreatment with latrunculin A was due to exocytosis, neutrophils were incubated with or without TAT-syntaxin-4 prior to pretreatment with 10 μ M latrunculin A, followed by stimulation with fMLF. priming of respiratory burst activity by latrunculin A in a dose-dependent manner with a maximum inhibition of 82% at 67 n M TAT-syntaxin-4. Similar results were observed with TAT-SNAP-23 (data not shown). We interpret those data to indicate that latrunculin A-induced priming of respiratory burst activity was due primarily to enhanced exocytosis. To evaluate the role of individual granule subsets in TNF-induced priming of respiratory burst activity, we examined the relationship between inhibition of priming of superoxide or H 2 O 2 production and inhibition of exocytosis of each granule subset for each concentration of TAT fusion protein by linear regression. The slopes and y-intercepts for those plots are shown in table 2 . The linear regression lines for inhibition of priming of H 2 O 2 and superoxide compared to inhibition of exocytosis of secretory vesicles (CD35) or gelatinase granules by TAT-SNAP-23 and by TAT-syntaxin-4 did not differ from the line of identity. However, the linear regression line for inhibition of specific granule exocytosis (CD66b) and inhibition of hydrogen peroxide priming by TAT-SNAP-23 was significantly different from the line of identity (95% confidence interval for the slope of 0.227-0.892) and, while the slope of the regression line for inhibition of specific granule exocytosis and inhibition of superoxide priming by TAT-SNAP-23 did not significantly differ from the line of identity, the line was shifted to the right with a y-intercept of -11.54. In addition, the linear regression lines for inhibition of specific granule exocytosis versus inhibition of H 2 O 2 priming and superoxide priming by TAT-syntaxin-4 were both significantly different from the line of identity (95% confidence intervals for the slope of 0.537-0.828 for hydrogen peroxide and 0.549-0.868 for superoxide). As the inhibition of azurophilic granule exocytosis by TAT-SNAP-23 was minimal, we did not compare that inhibition with inhibition of priming. The slope of the linear regression line for inhibition of azurophilic granule exocytosis (CD63) and inhibition of hydrogen peroxide priming for TAT-syntaxin-4 did not significantly differ from the line of identity, while the plot for inhibition of azurophilic granule exocytosis and superoxide priming was not linear. These results suggest that exocytosis of secretory vesicles and gelatinase granules plays a role in neutrophil priming.
To determine if inhibition of exocytosis altered translocation of the cytosolic components of the NADPH oxidase, we evaluated the effect of TAT-SNAP-23 on translocation of p47 phox to the plasma membrane of primed neutrophils after fMLF stimulation. Figure 6 shows a representative immunoblot ( fig. 6 a) and the densitometric analysis of multiple experiments ( fig. 6 b) . Pretreatment with TAT-SNAP-23 or TAT-control failed to alter the translocation of p47 phox in neutrophils primed with TNF and then stimulated with fMLF. Thus, translocation of p47 phox appears to be independent of the amount of cytochrome b 558 in the plasma membrane. Boussetta et al. [12] recently reported that p38 MAPKmediated phosphorylation of p47 phox during TNF priming resulted in enhanced binding of the prolyl isomerase Pin1, and that the isomerase activity was necessary for enhanced p47 phox translocation to the plasma membrane. To determine if the Pin1 contribution to priming was independent of exocytosis, we compared the effect of inhibition of Pin1 activity on granule exocytosis and priming. Juglone inhibited TNF priming of superoxide release by 56 ± 9% ( fig. 7 a) . Figure 7 b shows that juglone pretreatment had no effect on TNF-stimulated exocytosis, measured as the increase in plasma membrane expression of CD35 (secretory vesicles) and CD66b (specific granules). These data suggest that prolyl isomerase activity is necessary for neutrophil priming, and that the contribution of prolyl isomerase is independent of exocytosis. We showed previously that TNF-induced priming of neutrophil respiratory burst activity and stimulation of exocytosis were dependent on p38 MAPK activation [9] . MAPKAPK2 is activated by p38 MAPK and mediates a number of p38 MAPK-dependent events in neutrophils and other cells [19] [20] [21] . Thus, the contribution of p38 MAPK and MAPKAPK2 to priming was determined using pharmacologic inhibitors. Inhibition of p38 MAPK significantly decreased TNF-induced priming of respiratory burst activity and exocytosis of secretory vesicles and specific granules, while inhibition of MAPKAPK2 had no effect ( fig. 8 ) . TNF did not stimulate exocytosis of azurophilic granules. These data suggest that the role of p38 MAPK in priming is due to direct phosphorylation of substrates, not to activation of MAPKAPK2.
Discussion
Understanding the molecular mechanisms of priming the neutrophil respiratory burst has the potential to provide approaches to manipulate neutrophil function in a variety of human diseases. Previously proposed mechanisms for priming include granule exocytosis leading to increased plasma membrane expression of receptors, G proteins, and/or cytochrome b 558 [8, 9, [22] [23] [24] , and enhanced phosphorylation and translocation of cytosolic NADPH oxidase components [8, 11] . A number of studies have provided evidence supporting a role for granule exocytosis in neutrophil priming [8] [9] [10] [25] [26] [27] , but the Dif ferences between the intercept and 0 and differences between the slope and 1 (the identity line) were tested by calculating the 95% confidence interval for the intercept and the slope. A difference was taken as significant when the confidence interval did not include 0 (intercept) or 1 (slope). Significant differences are shown by an asterisk. ND = Not determined. inability to selectively block exocytosis prevented a more complete elucidation of that role. The current study used two TAT fusion proteins containing SNARE domains to selectively inhibit exocytosis. Both TAT fusion proteins induced a dose-dependent inhibition of exocytosis of secretory vesicles, and gelatinase and specific granules with similar maximal inhibition and IC 50 ( table 1 ) . Inhibition of secretory vesicle and gelatinase granule exocytosis was nearly complete, with maximal inhibition ranging from 80 to 100%. On the other hand, maximal inhibition of specific granule exocytosis ranged from 50 to 57%. As previously reported [10] , TAT-SNAP-23 failed to inhibit exocytosis of azurophilic granules, while TAT-syntaxin-4 maximally inhibited azurophilic granule exocytosis by almost 80%. The disparity of the effect on azurophilic granule exocytosis is consistent with a previous report by Mollinedo et al. [28] that SNAP-23 mediated gelatinase and specific granule exocytosis, while syntaxin-4 mediated exocytosis of gelatinase, and specific and azurophilic granules.
Both TAT fusion proteins induced a dose-dependent inhibition of TNF-mediated priming of fMLF-stimulated superoxide release and of phagocytosis-stimulated H 2 O 2 production. The maximal inhibition of priming and the IC 50 for the TAT fusion proteins were similar to those observed for inhibition of secretory vesicle and gelatinase granule exocytosis ( table 1 ) . Although our previous report showed that TAT-SNAP-23 had no effect on signal transduction pathway activation [10] , the possibility exists that introduction of SNARE domains has effects independent of granule exocytosis. For example, SNARE proteins have been implicated in the direct regulation of ion channel activities and excitability [29] . Therefore, we sought to manipulate neutrophil exocytosis by another mechanism. We reported previously that disruption of the actin cytoskeleton with latrunculin A enhanced exocytosis of secretory vesicles and gelatinase, specific and azurophilic granules [15] . Based on those observations, we evaluated the effect of latrunculin A-induced exocytosis on fMLF-stimulated respiratory burst activity. Our data show that pretreatment with latrunculin A enhanced fMLF-stimulated respiratory burst activity and exocytosis ( fig. 5 ) and that both of those responses were inhibited by TAT-syntaxin-4. Taken together, our data indicate that exocytosis is a necessary component of neutrophil respiratory burst priming.
The dose-dependent inhibition of exocytosis and of priming allowed an evaluation of the role of individual granule subsets in priming. Linear regression analysis indicated a close correlation between inhibition of secretory vesicle and gelatinase granule exocytosis and inhibition of priming for both TAT-SNAP-23 and TAT-syntax- in-4 ( table 2 ). Those data suggest that incorporation of a component(s) of secretory vesicle and/or gelatinase granule membranes into the plasma membrane is a necessary event for TNF-mediated priming. Cytochrome b 558 was shown to be present in plasma membranes and all four subsets of neutrophil granules by proteomic analysis [30, 31] . The relative distribution of cytochrome b 558 among those compartments was reported to be about 60% in specific granules, 20% in gelatinase granules, and 20% in the secretory vesicle/plasma membrane fraction [32] . Stimulation of neutrophil degranulation by fMLF increased expression in the secretory vesicle/plasma membrane fraction to 30% of total cell cytochrome b 558 and reduced expression in the gelatinase granules to 9%, but had no effect on expression in specific granules [32] . Mansfield et al. [33] showed that priming of human neutrophils by G-CSF increased plasma membrane cytochrome b 558 by 20%, and gelatinase granule exocytosis was the source of that increase. We previously reported that priming was associated with increased plasma membrane expression of cytochrome b 558 , and inhibition of exocytosis prevented that increase during priming [9, 10] . Evidence supporting a role for increased expression of cytochrome b 558 in priming was provided by Anrather et al. [34] , who reported that NF-κB mediated an increase in gp91 phox transcription that resulted in increased production of oxidase activity upon phagocyte stimulation. We postulated that increased cytochrome b 558 expression would increase oxidase activity by providing an increased number of docking sites for translocation of NADPH oxidase cytosolic components to the plasma membrane. If that hypothesis was true, inhibition of exocytosis with TAT fusion proteins would be associated with a reduction in p47 phox translocation. However, our data showed that inhibition of exocytosis by TAT-SNAP-23 had no effect on the translocation of p47 phox associated with priming and stimulation. A number of possible explanations could explain those findings. First, cytochrome b 558 is not the component of granule membranes responsible for priming. Neutrophil granules contain hundreds of proteins in their membranes and matrix, including receptors and signaling proteins that have been suggested to play a role in priming [22-24, 30, 31] . However, we previously reported that inhibition of exocytosis during priming had no effect on activation of signal transduction pathways known to be necessary for priming, suggesting that exocytosis-dependent expression of receptors and components of signal transduction pathways was not responsible for priming [10] . Second, increased plasma membrane expression of cytochrome b 558 contributes to priming through a mechanism independent of enhanced translocation of cytosolic NADPH oxidase components. Third, differences in translocation of cytosolic oxidase components upon inhibition of exocytosis may be below the detection level of the assay. Only about 10% of p47 phox translocates to the plasma membrane with maximal oxidase activation by phorbol esters [35] . Thus, relatively small differences in the translocation of cytosolic oxidase components may change oxidase activity significantly.
Boussetta et al. [12] recently reported that a cis-trans prolyl isomerase, Pin1, is a mediator of TNF-induced NADPH oxidase priming. Inhibition of TNF-induced Pin1 activity abrogated priming of fMLF-stimulated superoxide release. They proposed that Pin1 bound to p47 phox that had previously been phosphorylated by p38 MAPK, thereby inducing a conformational change that facilitated further phosphorylation on other sites of p47 phox by PKC. The almost complete abrogation of priming by inhibition of Pin1 activity in that study and by inhibition of exocytosis in the present study suggested that both events may be necessary for priming or that Pin1 also plays a role in exocytosis. To explore the latter possibility, we evaluated the effect of Pin1 activity on exocytosis and priming. Our data showed that priming of superoxide release by TNF was reduced by almost 60% by inhibition of Pin1. On the other hand, TNF-stimulated exocytosis was not significantly inhibited. The absence of a significant effect on secretory vesicle exocytosis suggests that the contribution of Pin1 to priming is independent of exocytosis. Taken together, we interpret our data to indicate that two independent events, Pin1-mediated isomerization of p47 phox and exocytosis of secretory vesicles and gelatinase granules, are both required for priming to occur.
A number of studies have shown that the p38 MAPK signal transduction pathway is critical for TNF-induced neutrophil priming and TNF-stimulated exocytosis [9, 11, 13] . Direct phosphorylation of p47 phox by p38 MAPK has been reported [36] and, as indicated above, that phosphorylation creates a binding motif for Pin1 [12] . MAPKAPK2 is a downstream component of the p38 MAPK signal transduction pathway that is activated by p38 MAPK in human neutrophils [37] . To determine if p38 MAPK activation of MAPKAPK2 plays a role in exocytosis and priming, we examined the effect of pharmacologic inhibition of MAPKAPK2 on exocytosis of secretory vesicles and specific granules and priming of superoxide release. Although there are always concerns about the specificity of pharmacologic inhibitors, our data suggest that participation of the p38 MAPK pathway in prim-ing and exocytosis is independent of MAPKAPK2 activation. Thus, p38 MAPK appears to directly regulate priming through two independent pathways, control of exocytosis and regulation of translocation of cytosolic components of the NADPH oxidase to the plasma membrane. The target(s) of p38 MAPK that controls exocytosis remains to be determined.
